Introduction
The use of daylighting has been common to building designs throughout recorded history. However, in the 1950s fluorescent lighting, air-conditioning, and other electricity usage were combined to make a new commercial building paradigm, thus reducing daylighting implementation [1] . The application of daylighting in buildings has been proven to increase social, environmental, and economic performances compared to standard construction with only artificial lighting. Several studies [2] [3] [4] [5] [6] [7] suggested that daylighting implementation in tropical buildings could optimize the lighting ambiance and reduces glare discomfort. Daylighting strategies can be achieved through top-lit and side-lit apertures. Studies of the effects in atria suggest that side-lit apertures provided more stable daylighting illuminance in the interior as compared to top-lit daylighting sources [6] .
Unfortunately, daylighting practice is still not a priority in Malaysia. Buildings erected from the early 1960s until the 1990s were designed without any reference or adaptation to local climate. In the case of office and commercial buildings, large glazing areas adapted from international style designs were incorporated into buildings disregarding Malaysia's high sky irradiance factor that contributed to visual discomfort and higher cooling load.
The Malaysian sky type has been identified as intermediate sky (i.e.,: average cloudy condition with cloud cover value of 6-7 oktas). Moreover, the Malaysian daylight design criteria is within 10-80 klx during working hours from 8 am to 5 pm. The total percentage of external illumination in Malaysia that falls above 10 klx during working hours is 93% [3, 8] . This suggests that the possibility to implement daylighting in buildings in Malaysia is very high.
The daylight ratio is used to obtain the percentage ratio of internal illumination level with its simultaneous external illumination level. This type of measurement is viable in countries close to the equator, like Malaysia because the sun shines straight overhead in the afternoon most of the year with noon sun angles of 66.58 (June solstice) to 113.58 (December solstice) [9] . The high sun angles contribute to intense external illumination level throughout the year.
Moreover, in hot-humid climates, the sky is typically overcast and its luminance is often above 7000 cd Á m À2 , which results in very bright proportion of diffused radiation when viewed from a moderately lit room. Due to this condition, it is meaningless to calculate the interior lighting in photometric illumination terms. Therefore, daylight condition is measured using the ratio of the internal illumination to the simultaneous external illumination, which can be taken as a constant [10, 11] . This constant ratio is expressed as a percentage as shown in Equation (1):
In the present study, the daylight ratio and luminance of window level were measured in three hostels in the Klang Valley, Malaysia. These measurements were conducted throughout a 2-month period starting from 12th May to 3rd July 2007. The hostels were namely, the Twelfth Residential College, Universiti Malaya (H1); the Eleventh Residential College, Universiti Putra Malaysia (H2); and Murni Student Apartment, Universiti Tenaga Nasional (H3). In addition, questionnaire surveys were administered to identify occupants' visual comfort perceptions. It is hoped that the results can provide useful information on the application of daylighting in future high-rise development in tropical countries.
Methodologies
Data collection duration began in May 7 and continued until July 19, 2007 , with a total of 78 working days. Information about the buildings was gathered starting from May 7 until May 11. The field measurement started with H1 for 2 weeks (i.e.,: May 12 until May 25), H2 for 4 weeks (i.e.,: May 27 until June 23) and H3 for two weeks (i.e.,: June 24 until July 6). The questionnaire surveys were administered during the two following remaining weeks.
Determining Weather type (i.e.,: either Overcast or Clear Days) In this study, the case studies were selected at locations with a high ratio amount of sky view factor when captured using Nikon CoolPix 950 digital camera fitted with a Nikon FC-E8 fisheye lens. Sky view factors at the particular locations were observed to be between the ranges of 0.9-1.0, where, the value '1' shows no foliage or obstruction visible in the photograph. The estimation of the sky view factor for the locations were made based on common observations conducted [12] [13] [14] [15] .
In order to identify the relationship between outdoor and indoor microclimate, the weather condition and cloud patterns as determined by fisheye images of the case study locations were monitored. Cloud patterns were monitored four times a day, namely at 8:00 a.m., 12:00 p.m., 3:00 p.m., and 5:00 p.m. based on sky condition images captured. An ''Overcast Day'' was determined based on thin to heavy cloud conditions while a ''Clear Day'' was determined based on clear sky with none to very thin cloud distribution.
Objective Measurements
Each room orientation was measured for 3 days at three different vertical room locations simultaneously. The procedures for both of these investigations were conducted in eight steps. (1) Two ISO TECH lux meters were used in this investigation, namely, for outdoor and indoor purposes. (2) Readings were taken six times per hour with 15-min intervals between the vertical room locations. (3) For indoor purposes, the lux meter was located 2.0 m distance from a window and mounted 0.8 m above the floor on a tripod. Windows were left exposed with no curtain. (4) A 1808 view of the room was captured using a fisheye lens camera. (5) Simultaneously, the second lux meter was mounted 1.5 m from the ground on a tripod in the middle of an open field close to the case study building. (6) Glare measurements were taken horizontally using a Hagner photometer 2.0 m from the window and 1.0 m from the floor. (7) The field of view was 408 in altitude and 908 in azimuth so that it was measuring the mean luminance in a horizontal 408 band [16] . This particular band was suggested as suitable for determining occupant's visual lightness and interest. (8) Readings for luminance measurement were also recorded six times per hour with 15-min interval between the vertical room locations.
Subjective Measurements
Subjective measurement was conducted using a questionnaire survey. To aid subjects, the questionnaire was prepared with Bahasa Malaysia translation and glossary of comfort terminologies. Only college-aged female students were approached. The restriction in the sample collection was due to hostel regulation that prohibits female students or researchers to enter a male hostel compound and vice versa. Table 1 shows the description of visual comfort questions used in the questionnaire survey.
Statistical Analyses
Statistical Package for Social Sciences (SPSS) version 12 .0 was used to analyze results in this study. The statistical analysis applied in this research was analysis of variance (ANOVA) with Two-tailed Significant Test. It is an inferential statistics test used to determine whether an independent variable has had a statistically significant effect on a dependent variable. In a repeated measures, each case or subject experienced every condition of the assessments. Information that can be delivered from this analysis is to locate more specifically the sources of systematic variation in the assessments through comparing the means [17] .
Furthermore, it is often useful to know not only whether an experiment has a statistically significant effect, but also the size of any observed effects. The effect size is also known as partial eta-squared, 2 p , which estimates of the degree of association for the sample, where
The effect size as shown in Equation (2) is expressed by the variance of the sums of squares for a particular effect (SS treatment) from the sum of squares of that effect plus the error sum of squares (SS error). The partial eta squared is used instead of the complete eta squared because the authors prefer to treat the value as a proportion from 0 to 1. The usual benchmarks for classifying the value of 2 p are represented in Table 2 [18] .
Measured Rooms
Specification and location of sensors in rooms where measurements were made are shown in Figures 1 and 2 . Figure 3 shows the elevations and locations of the rooms measured in the three selected hostels. Daylighting source in all these case studies were from side-lit windows. Rooms in H1 were the only rooms with projecting balcony adjacent to their window walls. Rooms measured in blocks C and D of H1 were chosen at the 1st, 5th, and 9th floor (top floor) and were vertically aligned. Rooms here were facing north and south. The reflectance factor for walls, floor, and ceiling were 0.6, 0.3, and 0.7, respectively [19] . Rooms measured in H2 were selected at 1st, 5th, and 7th floor (top floor) facing northeast, south-east, north-west, and south-west. The reflectance factor for walls, floor, and ceiling were 0.7, 0.3, and 0.7, respectively [19] . Measured areas in H3 were selected at 1st, 5th, and 10th floor (top floor) facing north and west. The reflectance factor for walls, floor, and ceiling were 0.7, 0.6, and 0.7, respectively [19] .
Results

Objective Visual Measurements
External and Internal Horizontal Illumination
External and internal horizontal illumination data were used to estimate daylight ratios available in the rooms measured. Table 3 provides a summary of the external illumination collected during measurement periods. Overall, the mean external horizontal illumination measured was $50 klx.
Indication of Overcast and Clear Days is shown in Table 4 . Throughout the measurement period, there were 13 and 11 days identified as Overcast and Clear Days, respectively. External horizontal illumination on a Clear Day is $6 klx lower than a Rainy Day ( Table 5 ). The difference in sky illumination shown is a result of the influence of clouds as the albedo in absorbing and reflecting solar radiation. Through these observations, it seems that the Overcast Days with thin bright clouds received two-fold external illumination from sources, namely, from the direct and reflected sunlight. However, during Clear Days, the external illumination source only comes from direct sunlight.
Internal illumination was measured in 24 naturally lit rooms in typical Malaysian hostels. Table 6 shows the summary of result measured at three different vertical rooms located at first, fifth, and top (7th, 9th, or 10th) floors in H1, H2, and H3. Internal horizontal illumination distribution overall was lower and more likely to be constant at the higher floors, i.e.,: 9th and 10th floor compared to rooms located on the seventh floor and below. Northwest oriented rooms in H2 displayed the highest mean illumination of 1880, 2007, and 1954 klx for first, fifth, and seventh floor rooms, respectively. Meanwhile the lowest mean illumination was measured in the H1 South rooms, namely, 336, 405, and 137 klx for first, fifth, and ninth floor rooms, respectively. These findings indicate that rooms facing north-west and which were un-shaded received a high amount of illumination transmittance, despite the relatively low mean external horizontal illumination level recorded (Table 3) . Moreover, rooms facing south and shaded received low illumination levels even though the external horizontal illumination measured was relatively high (Table 3) .
Daylight Ratio Measurements
Daylight Ratio for the measured rooms was calculated based on Equation (1). Table 7 shows the statistical summary for Daylight Ratio at three different vertical room locations in H1, H2, and H3. In sum, most of the measured rooms showed daylight ratios that were in compliance with the minimum daylight factor provided by CIBSE [20], namely above 0.5% for a multi-purpose room.
On the other hand, rooms in H2, especially the ones facing North-west and North-east were over-lit, namely above 2% of Daylight Ratio, which exceeds the average daylight factor for domestic application [20] . The daylight ratio recorded for these H2 rooms was higher than rooms in H3 that were also larger in volume. In order to understand the daylighting behavior of the rooms measured, tests on the Daylight ratio during different weather types and daytime periods were conducted.
An observation of mean daylight ratio at different vertical room locations is shown in Figure 4 . Lower and middle floor rooms were located at 3 and 15 m above the ground, respectively. Meanwhile rooms on the top floors of H1, H2, and H3 were measured at 27, 21, and 30 m above the ground, respectively. As expected, shaded rooms in H1 gave the lowest daylight ratio compared to un-shaded rooms in H2 and H3.
In terms of daylight ratio pattern, it can be observed that daylight ratio increases up until a certain altitude, namely 21 m (i.e.,: rooms on top floor of H2), but decreases as the vertical room location increases further (i.e.,: rooms on top floor of H1 and H3). Obstructions such as trees and other low-rise structure were not present at 15 m above the ground thus enabling daylight level to increase in rooms at this particular floor level. The reduction of daylight ratio in rooms over 21 m above ground could have been influenced by lack of incidental daylight from other reflective sources. Figure 5 shows the daylight ratio collected at different room orientations in H1, H2, and H3. Each room orientation has three measured rooms. As expected, shaded rooms received the lowest daylight ratio than un-shaded rooms ( Figure 5(a) ). North-west oriented un-shaded rooms in H2 are exposed to the highest daylight ratio, despite its relatively low external horizontal illumination (Table 3) . In H3, North-facing rooms received more daylight than west facing rooms because the former room orientation was exposed to more external horizontal illumination than the latter room orientation (Table 3) .
In further examining the effects of a shading strategy on Daylight Ratio during two common weather types in Malaysia, an ANOVA analysis was repeated on the measurements. Table 8 summarizes the daylight ratio received during Overcast and Clear Days in the case study hotels. The daylight ratio during Overcast and Clear Days received by H1, H2, and H3 show a very strong significant difference ( p50.01) with larger size effects of above 0.14 (column of Table 8 ). Mean daylight ratios recorded on a Clear Day differed more widely than on an Overcast Day. Daylight level received in rooms increased from H1, 
followed by H2 and finally H3 for each weather type. This is because H1 rooms were shaded while the other rooms were not. H3 rooms had a greater daylight ratio than H2 rooms partially because the floor reflectance factor in the former hostel was higher, namely, 0.6. Moreover, very small mean differences are detected between Overcast and Clear Days in H1, H2, and H3 (row of Table 8 ). This suggests that weather has no clear influence over the daylight level of a room. Therefore, it can be partially concluded that the window to wall ratio, shading ratio, and indoor surface reflectance factor are more important for controlling daylight ratio compared to weather conditions. In terms of daylighting condition in rooms, despite receiving the lowest daylight ratio compared to other rooms, the mean daylight ratio for rooms i H1 during Overcast and Clear Days were above the minimum daylight factor recommended by CIBSE [20] , thus indicating that shaded rooms in H1 succeeded in providing sufficient daylighting regardless of weather conditions. Furthermore, the daylight ratio received in the rooms was broken down according to three different daytime periods, namely, morning (8:00 am to 11:59 am), afternoon (12:00 pm to 2:59 pm) and evening (3:00 pm to 5:59 pm). Table 9 presents the mean daylight ratios for rooms in H1, H2, and H3 during those periods. In each daytime period (column of Table 9 ), the mean daylight ratio recorded shows a mean significant difference beyond the p50.01 level with large size effects ( 2 p 4 0.14) among the hostels. As expected, the level of the daylight ratio mean difference for each period was widest in the morning, and decreased as the day progressed, which is based on the decreasing external horizontal illumination in the evening. This test still showed that rooms in H1 presented the least (but sufficient daylight ratio) compared to the other rooms during all three daytime periods.
In each case study hostel (row of Table 9 ), medium size effects ( 2 p 50.14) of mean differences are detected in H1 ). This suggests that the daylight ratio in each case from 8:00 am until 5:59 pm showed little difference. A higher daylight ratio is evident in the evening, this resulted from a decrease in the denominator (i.e., external illumination) in the estimation of the daylight ratio model (Equation (1)). Therefore it is evidence to a degree that despite diurnal changes observed throughout the daytime, the window to wall ratio, shading ratio, and indoor surface reflectance factor provide a stronger influence to daylight ratio in these rooms. Table 10 and Figure 6 present the luminance of windows measured in 24 naturally lit hostel rooms in H1, H2, and H3. Overall, the luminance level increases as the vertical room location increases.
Hourly Luminance of Window
Cross-examination between Figures 5 and 7 show that the luminance level has an inverse relationship with daylight ratio as observed in H1 and H2. However, in H3, luminance level increases in accordance with daylight ratio. The condition in H3 rooms could be partially influenced by the window to wall ratio (WWR). Higher WWR of 0.4 in H3 rooms than in H2 (i.e.,: WWR ¼ 0.2) enable more luminance from the window to be available in the former hostel.
Mean luminance from the window during Overcast and Clear Day is shown in Table 11 . Although they differed significantly, and beyond the p50.05 level, the means are not widely distributed in among the weather types (column of Table 11 ) and case study hostels (row of Table 11 ). This indicates that neither fenestration features (i.e.,: window to wall and shading ratio) nor weather types show clear influence on the luminance measured.
Investigations of the luminance of the windows in the morning, afternoon, and evening is summarized in Table 12 . It can be observed that the highest level of luminance was measured in the afternoon for all three hostels.
Subjective Visual Measurements
Some 298 female college-aged students living in H1, H2, and H3 took part in this survey. Table 13 summarized the visual comfort votes on Overcast and Clear Days collected from occupants in H1, H2, and H3. Occupants who participated in the subjective survey in H1, H2, and H3 were groups of 100, 108, and 90 students, respectively. In reference to results presented in Table 13 , it seems that occupants in H2 were more sensitive to their visual comfort during an Overcast Day; while occupants in H3 were more sensitive during a Clear Day. Occupants in H1 however, showed (Table 13) , are strongly influenced by the weather conditions. Contrary to this, no significant mean Daylight Ratio differences were detected between Overcast and Clear Days (Table 8 ). Occupants could have based their visual comfort perception on the availability of luminance from the window instead. This is because the luminance level recorded between Overcast and Clear Days showed significant mean differences even though with medium and sometime small size effects (Table 11) . Occupants were further asked regarding the adequacy of daylighting in illuminating their rooms during Overcast and Clear Days. Figure 8 illustrates the vote distribution sampled from H1, H2, and H3. In H1, 31% of occupants expressed the opinion that the daylighting conditions in their rooms during an Overcast Day were quite inadequate (Figure 8(a) ). Their mean votes shifted from À0.6 to 1.2 when asked regarding their daylighting availability on a Clear Day (Figure 8(b) ). The vote distributions in H3 (Figure 8(e, f) ) show quite a resemblance to the one sampled in H1 for both Overcast and Clear Days.
Visual Comfort: Rainy and Clear Days
However, occupants in H2 experienced high levels of daylighting availability on both Overcast and Clear Days (Figure 8(c, d) ). From these vote distributions, it can be concluded that rooms in H2 were brightly lit through daylighting despite the weather conditions. Meanwhile rooms in H1 were perceived to be the dimmest on both Overcast and Clear Days. Figure 9 represents occupants' satisfaction votes with the daylighting condition in their rooms. As expected, occupants in H1 are least satisfied with the daylighting condition with a mean vote of 0.9. The highest level of satisfaction is shown in H3. Findings confirmed that rooms in H1 are not only dimmer, but also have the least visual comfort vote compared to other rooms.
Visual Comfort: Daytime Period Summary of the mean for visual comfort votes in the morning (8:00-11:59 a.m.), afternoon (12:00-2:59 p.m.), and evening (3:00-5:59 p.m.) collected from occupants in the three case study hostels is shown in Table 14 . Out of the three daytime periods, mean visual comfort differed significantly beyond p50.01 only during the afternoon (column of Table 14 ). This show that occupants were more aware of the impact of glare in the afternoon compared to in the morning and evening and despite any fenestration features. This was because large floods of sunlight (as observed in H2 and H3) was usually evidenced on the floor of their rooms in the afternoon and was considered to cause not only glare discomfort but also heat gain.
Occupants' votes in Table 14 also reveal their pattern of expectation towards the daylighting condition from morning to evening (row of Table 14) . It shows that occupants, regardless of their hostel, expressed similar visual comfort votes for morning and evening, which usually fall between the points ''neutral'' and ''slightly lit''. In the afternoon, all occupants voted that their rooms were usually quite bright (point: 1.5-2.0).
Visual Comfort: Window Function
Results from the investigation on whether occupants were content with the size of their window's aperture in allowing daylighting are illustrated in Figure 10(a)-(c) . Mean votes ascended from H1, H2, and H3 with means of 1.0, 1.6, and 1.7, respectively. This indicates that occupants, overall, are satisfied and in agreement that the windows allow adequate daylighting into their room. However, the vote of a few occupants in H1 showed they were less satisfied, because their rooms were dimmer than the other hostel rooms. 73% and 78% of occupants in H2 and H3, respectively, voted above the neutral point (point ¼ 0), however only 60% of occupants in H1 fall into this category.
To cross-examine whether the daylighting performance in hostel rooms were not affected by curtain usage throughout the day, occupants were asked whether or not they pulled the curtains during a Clear Day. It was assumed that occupants would perceive the daylight transmittance to be higher on a Clear Day compared to an Overcast Day, and that it would provide better daylighting. In other words, occupants were most likely to switch on artificial lighting during a Rainy Day. The lowest vote with a mean value of À0.1 was found in H1, which indicates that its occupants hardly ever pull their curtains during Clear Days. Contrary to this, the average vote of occupants in H2 and H3 showed that they quite regularly (point: 1.0) pull the curtains on a Clear Day. The responses shown could be related to luminance level availability during Clear Days (Table 12) . Votes in H1 suggested that its occupants' reaction in rarely using the curtain was because they perceived their rooms to receive low luminance levels; hence, more daylighting was required from the outside. While occupants in H2 and H3 perceived the opposite with regard to the indoor visual condition of their rooms. Correlation between occupant's curtain usage vote and glare tolerance vote during Clear Days is shown in Table 15 . From the observation, it shows that occupants staying in H2 rooms have the highest correlation value, i.e., beyond p50.01 level, than the other two hostels. The significant relationship was perhaps being influenced by the fact that rooms in H2 had higher glare availability (point: 0.7) than those in H1 and H3. Therefore, it can be suggested the more intense the glare condition indoors, the higher the curtain usage will be. However, the use of artificial lighting not was favored even though most of the occupants preferred to pull their window curtains during Clear Days. Occupants from all three hostels expressed that they rarely switched on the lights during a Clear Day (Table 16 ). Votes from H1 occupants verified that even though their rooms were perceived to be dimmer compared to those in H2 and H3 on Clear Days, occupants here were satisfied with the visual condition in their rooms (Table 16 ). Even though a strong negative correlation value was identified there was not much variation in mean artificial lighting use among the three hostels. Based on the votes collected, the occupants' visual expectations can be estimated to be influenced by certain daylight ratios and luminance levels. Findings indicated that occupants' visually expected that their naturally lit room would be dim (i.e.,: as monitored in H1) when the daylight ratio and luminance were 0.8% and 1482 cd Á m À2 , respectively. Moreover, occupants' perceived their naturally lit room to be bright (i.e.,: as monitored in H2 and H3) when the daylight ratio and luminance reached 2.3% and 2146 cd Á m À2 , respectively. 
Discussion
The results are discussed in the light of the assumptions given below:
Daylight Ratio Increases in Accordance with Building Altitude
The results obtained are in contrast with this assumption. Although the daylight ratio measured rose in accordance with floor level, the relationship broke down once the height over 27 m above ground was reached (Figure 4 ). This could be the result of lack of an incident daylighting source, which would increase the daylight ratio in the opposite building. However, there is not much support in the literature for this notion [21, 22] .
Suitable WWR Provides Sufficient Daylight Transmittance Indoors
Throughout the assessments, rooms in H1 with WWR of 0.6 and shading ratio from 0.9 to 1.6 could be shown to have an adequate daylight ratio as recommended by CIBSE [22] for small size hostels room of 45 m 3 .
Rooms in H2, however, received an excessive daylight ratio especially the ones facing north-east and north-west. This partially suggests that small rooms (i.e.,: 48 m 3 ) with WWR of 0.2 and un-shaded tend to be very bright. It is also suggested that because the width and depth of rooms in H2 are almost similar, this could be the cause of the high daylight level detected which was also in agreement with the finding by Ghisi and Tinker [23] .
Outdoor Condition such as Weather and External Illumination Determine the Daylight Ratio Availability
The Daylight Ratio showed either no or a small significant difference with both weather type examined (Table 7) and with external illumination (Table 8) .
Outdoor Condition such as Weather and External Illumination Influence Occupants' Visual Comfort
The results have shown that occupant's use of curtains was influenced by the amount of luminance from the window. Shaded rooms, such as those found in H1 were rarely covered by curtains because the occupants perceived the interior to be dim. Meanwhile, more frequent curtain use was recorded in H2 and H3. However, occupants in all the rooms rarely switched on the artificial lights on a Clear Day even those staying in H1. This shows that window curtain usage is likely to be influenced by luminance of window, where it is used to offset glare and heat during Clear Days. Meanwhile the use of artificial lighting was to equalize low external illuminance and was rarely switched-on on a clear day. The findings are in good agreements with findings from Nicol et al. and Begemann et al. [24, 25] .
Occupants Have Innate Visual Expectations towards Their Indoor Surrounding
Findings indicate that occupants' visually expected that their naturally lit room would be dim (i.e.,: as monitored in H1) when the daylight ratio and luminance were 0.8% and 1482 cd Á m À2 , respectively. Moreover, occupants' perceived their naturally lit room to be bright (i.e.,: as monitored in H2 and H3) when the daylight ratio and luminance reached and exceeded 2.3% and 2146 cd Á m À2 , respectively.
Occupants' Visual Discomfort is Not Influenced by the Window Size
Results suggested that visual comfort was more dependent on outdoor conditions such as weather (Table 13 ) and external illumination changes throughout the daytime (Table 14) than window size. This notion is suggested through the observation shown in Figure 7 , where all occupants expressed satisfactory agreement that their window size allowed adequate daylighting, however, unlike H1 occupants, H2 and H3 occupants showed a greater degree of satisfaction with their window size. It could be considered that the level of brightness in a room, influenced by external illumination levels, triggers the occupants' reaction to window size. This finding is in good agreement with findings from Chauvel et al. and Iwata and Tokura [26, 27] .
Conclusions
This paper has discussed the relationship between the objective and subjective aspects of lighting in typical student hostels in Malaysia. Overall, occupants were at ease with the level of daylighting available in their rooms even though some of the rooms were dimmer than the unshaded rooms because they were shaded by a projecting balcony that was adjacent to the window wall.
The authors recommend that more studies should be carried out to identify the relative threshold of occupant's dim and brightness expectations. In this particular study, observations were made on how perceived lighting levels produced responses to modify these levels through the use of curtains and artificial lighting.
